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GUARDRAIL INSTALLER TRAINING 

A. NEED FOR BARRIER TRAINING 

1 .  Fatalities per year/ROR fatalities - Annually there are approximately 42,000 
fatalities on our nations highways and nearly 12,000 of them occur as a result of 
run-off-the-road (ROR) accidents. 

2. Guardrail fatalities - Approximately 1,200 of the ROR fatalities are caused by 
guardrail as the first harmfbl event (see Table 1). 

B. CLEAR ZONE (CZ) CONCEPT 

Clear zone definition: The total roadside border area, starting at the edge of the 
traveled way, available for safe use by errant vehicles. 

1. "Magic" 30-foot clear zone - Based on experience in the 1960's at the General 
Motors Proving Grounds using good vehicles, experienced drivers, a familiar 
route and flat terrain; nearly 20 percent of the vehicles leaving the traveled way 
(about 60 out of 300) still went beyond 9 m (30') from the edge of road. 

2. Generalized DESIGN CZ distances - Based on cross-section, design speed, 
and traffic volume (see Tables 2a and 2b). 

3. Principle - Provide maximum, cost-effective clear zone. Any non-removable 
or non-breakaway obstacle within the "design" clear zone will be considered for 
shielding with a barrier system. The designer should strive for consistency along 
any section of roadway. 

C. BARRIER WARRANTS 

Since guardrail itself is a hazard, it should be used only as a last resort. 
Consideration should first be given to alternative measures to try to avoid the need 
for guardrail. 

1 .  The first priority should be to eliminate the hazardous situation. Many items 
such as trees, boulders and jagged rock cuts can be removed, thereby eliminating 
the need for guardrail. 
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TABLE 1. Fatalities by Fixed Object Struck 
FARS 1995 and 1996 

FIXED OBJECT 

TreeIShrub 

CulvertDitch 

Embankment 

Guardrai VLongitudinal Barrier 

Utility Pole 

CurbIWall 

Other Fixed Objects 

Sign or Light Support 

BridgeIOverpass 

Fence 

Other Polelsupport 

Concrete Barrier 

Building 

Impact Attenuator 

Fire Hydrant 

Traffic Signal Support 

TOTAL 

TOTAL FATALITIES 

1995 

3198 

1476 

1269 

1215 

1135 

92 1 

600 

551 

459 

432 

359 

229 

77 

35 

30 

29 

12015 

41817 

1996 

31 14 

1429 

1235 

1169 

1091 

942 

583 

605 

433 

477 

40 1 

220 

63 

26 

42 

29 

1 1859 

41907 
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TABLE 2a. Clear zone distances (in meters from edge of driving lane) 
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4 

TABLE 2b. Clear Zone Distances (In feet ftom edge of driving lane) 

Where a site specific investigation indicates a high proba- 
bility of continuing accidents, or such occurrences are indi- 
cated by accident history, the designer may provide clear .. 
zone distances greater than 30 feet as indicated. Clear zones 
may be limited to 30 feet for practicality and to provide a 
consistent roadway template if previous experience with 
similar projects or designs indicates satisfactory perfor- 
mance. 

C 

vehicles that encroach beyond the'edge of shoulder may be 
expected to occur beyond the toe of slope. Determination of 
the width of the recovery area at the toe of slope should take 
into consideration right of way availability, environmental 
concerns, economic factors, safety needs, and accident his- 
tories. Also, the distance between the edge of the travel 
lane and the beginning of the 3 : 1 slope should influence the 
recovery area provided at the toe of slope. 

** Since recovery is less likely on the unshielded, travers- 
able 3 : 1 slopes, fixed objects should not be present in the 
vicinity of the toe of these slopes. Recavep of high speed 

1 

CUT SLOPES 
3: 1 4:l t o  6:l o r  

5: 1 f l a t t e r  
7-1 0 7-1 0 7-10 
10-12 10-12 10-12 
12-14 12-14 12-14 
14-16 14-1 6 14-16 

8-1 0 8-10 10-12 
10-1 2 12-14 14-16 
12-14 14-16 16-18 
14-16 18-20 20-22 

8-10 10-1 2 10-12 
10-12 14-1 6 16-18 
14-16 16-18 20-22 
16-18 20-22 22-24 

10-12 12-14 14-16 
12-14 16-1 8 20-2 2 
14-18 18-2 2 24-26 
20-22 24-26 26-28 

10-12 14-1 6 14-1 6 
12-16 18-20 20-22 
16-20 22-24 26-28 

L 

Design 
Speed 

40 MPH 
o r  

less 

45-50 
HPH 

5 5 
MPH 

60 
MPH 

65-70 
MPH 

22-24 26-30 28-30 Over 6000 

Design 
ADT 

Under 750 
750-1500 
1500-6000 
Over 6000 

Under 750 
750-1 500 
1500-6000 
Over 6000 

Under 750 
750-1 500 
1500-6000 
Over 6000 

Under 750 
750-1500 j 
1500-6000 
Over 6000 

Under 750 
750-1 500 
1500-6000 

30-34* 38-46* ** 

FILL SLOPES 
6:l o r  5:l to 3: 1 
f l a t t e r  4: 1 
7-10 7-1 0 +t 

10-12 12-14 ** 
12-14 14-16 t* 

14-16 16-18 ** 
10-12 12-14 ** 
12-14 16-20 ** 
16-18 20-26 ** 
18-20 24-28 ** 
12-14 14-18 ** 
16-18 20-24 +t 

20-22 24-30 ** 
22-24 26-32* +* 
16-18 20-24 +* 
20-24 26-32* ** 
26-30 32-40* +* 
30-32* 36-44* ** 
18-20 20-26 ** 
24-26 28-36* ** 
28-32* 34-42* ** 
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2. Regrade steep slopes and ditches, and modify drainage structures, to make 
them traversable, and fill in depressions. 

3. Relocate signs ,and signals supports, utility poles and endwalls, placing them as 
a minimum outside of the design clear zone and preferably in an area where they 
cannot be easily struck. 

4. New structures should be designed so that headwalls, piers, and abutments are 
outside of the design clear zone. 

5. Make necessary features within the design clear zone of a breakaway or a 
yielding design. 

Typical features that warrant consideration of barrier installation when inside the 
design clear zone include: 

1. Bridge abutments, piers, and parapet ends generally require shielding 

2. Fill slopes steeper than 3:l with a height of 2.3 m (7' 6") or more (see 
Figure 1 a and 1 b) 

3. Rough rock cuts and boulders are usually an engineering judgement decision 

4. Retaining walls, culverts, endwalls and pipe ends are an engineering 
judgement based on slopes and distance from the road 

5. Severe longitudinal and transverse ditches, such as ditches with fiont slopes 
steeper than 4: 1 and back slopes of 2:l or steeper, generally warrant guardrail 

6. Non-breakaway sign supports, luminaire supports, and high mast lighting poles 

7. Trees with a diameter of 100 mm (4") or more at maturity if they can not be 
removed 

8. Traffic signal supports and railroad warning devices in rural areas on high 
speed roadways; utility poles on a case-by-case basis 

9. Permanent bodies of water more than 600 rnrn (2') deep 

10. Innocent bystander warrants such as playgrounds, schools, etc. 
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/-- SHOULDER 
FILL SECTION EMBANKMENT 

FIGURE la. Comparative Risk Warrants for,Embankments (Metric) 
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FIGURE lb. Comparative Risk Warrants for Embankments (English) 
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11. STANDARD GUARDRAIL SECTIONS 

A. NCHRP 350 GUARDRAIL REQUIREMENTS 

All new guardrail installations installed by force account or by contract on 
projects advertised after October 1, 1998 must be with hardware that has passed 
NCHRP 350 testing criteria. The most common criteria is for Test Level 3 (TL-3) 
which uses a 2000 kg (4400 lb) pickup truck and a 820 kg (1 800 lb) small car 

' 

impacting at 100 km/h (62 mph). Lower speed test levels and larger vehicle test 
levels are also available where appropriate. For the standard guardrail sections 
there are two basic crash tests required: one is a strength test, using the pickup 
truck at the designated speed impacting at 25 ", and the other is the severity test, 
using the small vehicle at the designated speed striking at 20°. For higher test 
levels, larger trucks are used, impacting at 80 km/h (48 mph) and at 15'. 

B. NCHRP 350 APPROVED GUARDRAIL SYSTEMS 

1. Weak Post Cable System 

a. Height of cable - The top cable is 685 mm (27") above the groundline. 
The cables are 75 mm (3") apart. 

b. Posts - Steel posts shall be 1.6 m (5' 3") S75 x 8.5 with a 200 rnrn x 600 
mm (8" x 24") soil plate. 

c. Post spacing - The standard post spacing is 4.8 m (16'). 

d. Deflection - Maximum dynamic deflection is 3.3 m (1 1'). 

e. Tensioning of cable - The terminals on a cable rail system shall be 
fitted with turnbuckles and spring compensators to maintain and adjust 
desired cable tensioning for the expected temperature range. (See 
specification for proper tensioning requirements.) 

2. Weak Post W-beam System 

Note: Currently, this system has not passed NCHW 350 TL-3 for high 
speed roadways, but has passed TL-2 for 70 km/h (45 mph). It is being 
retested at Pem State University to see if it can be accepted for use on 
high speed roadways. (Until testing is completed, a state may decide to 
continue to use it on high speed roadways.) 
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a. Height of rail - The top of the W-beam is 760 mm (30") above the 
groundline. 

Special note: If grading is steeper than 10: 1 (no steeper than 6: 1) and the 
rail is within 600 mm (2') of the shoulderlfiontslope hinge point, the 
height is measured from the shoulder slope extended (See Figure 2). If the 
rail is down the slope more than 600 mm (2'), see "barrier on slopes" ' 

below and measure fiom ground directly below the rail. 

b. Posts - Steel posts shall be 1.6 m (5' 3") S75 x 8.5 steel post with a 200 
mm x.610 mm (8" x 24") soil plate. 

c. Post spacing - The standard post spacing is 3.8 1 m (12' 6"). 

d. Deflection - Maximum dynamic deflection is about 2.2 m (7'). 

e. Washers - a 44 mrn x 44 rnrh (1 %") square washer with a 3.4 mm (l/s") 

thickness shall be used at each post. 

f. Bolts - M8 8 mm (511 6") hex bolts and nuts are to be used for rail 
connection to the posts. 

g. Lapping: 

i. For one-way traffic, all W-beam lapping shall be in the direction 
of traffic. The upstream panel should overlap the downstream 
panel including the end sections at bridges and trailing end 
terminals. 

ii. With two-way traffic, the laps on the right side of traffic are to 
be in the direction of traffic. 

3. Strong Post, Blocked-out W-beam System 

a. Height of rail - The top of the W-beam is 706 mm (27%") above the 
groundline. 
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Special note: If grading is steeper than 10: 1 (no steeper than 6: 1) and the 
rail is within 600 rnm (2') of the shoulder/fiontslope hinge point, the 
height is measured from the shoulder slope extended (See Figure 2). If the 
rail is down the slope more than 600 mrn (2') see "barrier on slopes" below 
and measure from the ground directly below the rail. 

FIGURE 2. GUARDRAIL HEIGHT RELATIVE TO EDGE OF SHOULDER 
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b. Posts and blockouts: 

i. Wood posts - 150 mm x 200 mm x 1830 mm (6" x 8" x 6') with 
150 mm x 200 mm x 360 mm (6" x 8" x 14") wood blockouts toe- 
nailed to posts on the side (near top or bottom) to prevent rotation. 

ii. Steel posts - 1830mm (6') W150 x 12 or 13 with 150rnrn x 200 
mm x 360 mm (6" x 8" x 14") routed wood or composite blockouf~ 
to prevent rotation. (Note: steel blockouts are no longer acceptable 
for new installations. 150 mm x 150 mm routed blockouts may be 
used for repair work in special situations.) 

c. Post spacing - For either type of post, the spacing is 1.905 m (6' 3"). 

d. Deflection - Maximum dynamic deflection for both type of posts is 
approximately .9 m (3'). 

e. Washers - No rectangular washers shall be used (other than on the last 
15 m (50') on trailing runoff ends for anchorage without cables). 

f. Lapping: 

i. For one-way traffic all W-beam panels shall be lapped in 
direction of traffic with the upstream panel overlapping the 
downstream panel including terminal connectors at fixed object 
attachments and end sections at trailing ends. 

ii. For two-way traffic the W-beam guardrail on the right side of 
traffic shall be lapped in the direction of traffic. 

Special note: If an existing steel post, steel blockout system is being 
retained, there must be a back-up plate (300 mm (12") long piece of W- 
beam) at each non-splice post and no rectangular washers should be used. 

4. Modified Thrie-beam Strong Post System 

a. Height of rail - The top of the thrie-beam is 855 mm (33 %") above the 
groundline. 

b. Posts and blockouts - Same as strong post W-beam steel post system 
(1830 mm (6') W150 x 12 or 13) with special 369 mm (14") steel 
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blockouts. 

c. Post spacing - The standard post spacing is 1.905 m (6' 3"). 

d. Deflection - Maximum dynamic deflection is 0.9 m (3') for a 9000 kg 
(20,000 lb) school bus at 90 km/h (54 mph) impacting at 15". 

5. Weak and Strong Post W-beam Median Barriers 

a. Standards - The height of rail, post lengths, blockouts, washer 
requirements, post spacing and lapping are the same as that for single rail 
W-beam banier. For the cable system, the three cables are alternated, the 
top and bottom cables on the right side and the middle cable on the left 
side of the posts. 

b. Deflection - Maximum dynamic deflection is generally not a concern 
with median barrier, except that the offset, desirably from the edge of 
shoulder and absolutely from the edge of traveled way to the face of the 
barrier, must be greater than the expected deflection. 

C. BARRIER LOCATION 

The first priority is to place barrier as far fiom the traveled way as possible to 
minimize the probability of contact. There are, however, several criteria that must 
be considered in selecting the location. 

1. Deflection 

No rigid, vertical object shall be placed within the deflection distance from 
the back of the barrier system (see Figure 3a). Although multi- 
directional (not bi-directional slip bases) breakaway devices within the 
deflection distance do not have an adverse effect on the performance of the 
system, they should be offset wherever possible beyond the deflection 

Y 6 d ~ f - g  distance. This is a a aintenance consideration as well since it should 
reduce damage to the supports. If dynamic deflection clearance cannot be 
achieved, the system must be stiffened in front of and upstream from the 
obstacle. Stiffening methods available include decreasing post spacing 

6 \ 
and double nesting of rail elements. Each stiffening method typically , y f l  Cro- 
halves the defection. The stiffening method should begin 7.&mQF) in 
advance of the hazard and continue at least to the end of the hazard (where 
the hazard is a solid obstacle and would not permit pocketing within the 
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length of the obstacle, the stiffening may be eliminated beyond 7.6 m (25') 
downstream from the beginning of the obstacle). 

Maximum 

Deflection 
Dynamic -3 n 

a) Deflection distance 

0.6 m (2') 
Minimum 
Desirable 

w 

b) Placement on embankments 

FIGURE 3. RECOMMENDED BARRIER PLACEMENT 

FOR OPTIMUM PERFORMANCE 
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2. Soil Backing 

a. Weak Post and Cable systems - The posts' primary purpose is to hold 
the raillcable at the proper height. Most of the redirectional capability of 
the banier system is developed through the tension in the rail or cable. 
However, there is still some energy absorbed by the bending of the posts; 
therefore, some soil backing behind the posts should be provided - the 
standards show .6 m (2') for new construction. 

b. Strong Post systems - Since there is a considerable contribution to the 
redirection capability of the system from the strength of the strong posts, it 
is necessary to develop adequate soil support for the post to prevent it 
from pushing backwards too easily. Desirably, 600 rnm (2') of soil 
behind the post on a slope no steeper than 4: 1 should be provided (see 
Figure 3b). If at least 300 mm (1') of soil support cannot be provided, 
extra long posts, 2.1 m to 2.4 m (7' to 8'), need to be used in place of the 
standard length posts. 

3. Barriers on Slopes 

a. No banier system is to be placed on slopes steeper than 6: 1. 

b. A cable system may be placed anywhere on slopes 6:l or flatter. 

c. W-beam systems may be placed anywhere on slopes 10: 1 or flatter. On 
slopes from 6:l to 10:1, but no steeper, the face of barrier needs to be a 
minimum of 3.6 m (12') beyond the slope hinge point (see Figure 4). 

4. Flare Rate 

Flare rate is the rate at which a barrier moves from a larger offset to a 
closer offset from the edge of traveled way as a vehicle moves 
downstream. For one-directional roadways, the downstream flare rate, as 
the barrier moves away from the traveled way, is not restricted. Although 
it is desirable to flare the barrier system from the traveled way as quickly 
as possible, there are two criteria that must be satisfied. First, in order to 
keep the angle of impact with the banier from being too severe, the flare 
rate is limited to the values shown in Table 3 which are based on speed 
and stifhess of the barrier system. Second, banier should only be flared if 
it can be done on 10: 1 or flatter slopes. 
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TABLE 3. SUGGESTED FLARE RATES FOR SEMI-RIGID BARRIER DESIGN 

Flare Rate for Barrier 
Rigid Systems 

20: 1 

18:l 

16: 1 

14:l 

12:l 

10: 1 

8: 1 

Design Speed 
km/h(m~h) 

1 10 (68) 

100 (62) 

90 (56) 

80 (50) 

70 (43) 

60 (37) 

50 (31) 

Flare Rate for Barrier 
Semi-rigid Systems 

15:l 

14:l 

12: 1 

11:l 

10: 1 

8: 1 

7: 1 
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D. SPECIAL STRONG POST TREATMENTS 

1. Left out Post(s) 

When it is not possible to drive a full length post due to some obstruction 
like a drop inlet, shallow culvert or electrical pull box, it is permissible to 
leave out one or two posts and modify the rail element by adding a second 
rail section nested inside the normal rail. The nested beams must extend at 
least to the second post on either side of the gap (see Figure 5). The splice 
for the back rail must align with the front rail. 

2. Extra Blockouts 

When a post cannot be driven in its normal location, additional blockouts 
may be added to provide more offset, allowing the post to be placed 
farther back. For one post only, and only in unusual circumstances, a total 
of three blockouts may be used. Two blockouts may be used for special 
situations for a series of posts. (Note: rail systems using extra blockouts 
have not been tested.) 

3. Special Designs 

Some states have special designs for guardrail installations where it is not 
possible to drive standard posts and the above treatments are not practical. 
One such design is the use of short steel posts with steel plates welded on 
the bottom which can be bolted to a concrete slab. 

Another common situation is the occurrence of driveways, turnouts, or 
side roads along what would otherwise be a continuous run of barrier. The 
most common treatment for this situation is to provide shop-bent W-beam 
panels around the intersection radius, using either standard post spacing or 
halving the post spacing to create additional stiffness. Although this 
treatment should preclude spearing, it is unlikely to provide any 
redirection and may cause excessive decelerations or vaulting (if the posts 
lean over). A special design was successllly crash tested at 85 kph (50 
mph); the design used weakened wood posts around the radius and 
removed the bolt fiom the rail-to-post connection at the center post, and 
acted somewhat like a bullnose. One caution with this treatment is the 
need for a sufficient unobstructed area behind the radius to allow for the 
large deflection of the system - this area should be specified on the detail. 
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E. CURB USE WITH W-BEAM BARRIER 

Curbs should not be used with barrier installations on high speed, rural roads. If 
they are, they shall only be used in conjunction with strong post systems subject 
to the following conditions: 

1. Curb height is limited to a maximum of 100 mm (4"). 

2. For curbs higher than 100 mm (4'7, the guardrail system is stiffened by 
adding another rail, either on the back or nested, or by adding a rubrail 
underneath the normal rail. 

3. Curbs must be flush with the face of the guardrail. 

For urban situations, unmodified strong post guardrail can be placed flush with 
the face of or in fiont of the curb. The old practice of up to 225 mm (9") behind 
the face of curb is no longer allowable. If possible, to provide maximum offset, 
the guardrail should be placed 3.3 m (1 1') or more behind the curb for high speed 
(80 km/h (50 mph) or more) roadways and 1.8 m (6') or more behind for low 
speed (70 km/h (40 mph) or less) roadways. The guardrail height, when placed 
at a curb, is measured fiom the roadway surface. When offset fiom the curb, it is 
measured from the ground beneath the rail. 

F. LENGTH OF NEED DETERMINATION 

1. Length of Need (LON) is defined as the length of barrier needed upstream of 
the beginning of the hazard to shield the hazard. 

2. Calculation of the LON is determined fi-om a geometric formula using values 
based on speed, the distance fiom the traveled way to the back of the hazard, and 
the offset of the barrier fiom the traveled way (see Figure 6). 

3. To check whether the LON is satisfactory on high speed roadways, use the 
field expedient procedure of Figure 7. For low speed roadways, use the value for 
determinjng substandard sections for both desirable and minimum LON. 
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